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TITLE OF PROJECT: Physical, Clemical, and Biophysical Charactcrization
of Viruses and Virus Systems.,

Obzectives:

A. To determine the nature and functional anatomy of virus
particles,

Bs To elucidate the mechanisms of infection of host cells by
viruses and of specific reduplication of virus elements,

Ces To promote naval applications of the knowledge gained,
especially in the fields of medicine and physicse,
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ABSTRACT OF RESULTS:

A, Since Start of Project:

1) Cofactors for Virus Adsorption.

2)

We have discovcered and studied extensively an inherited require-

ment of phages Tl and T6 for aromatic L-amino acids like trypto-

phan which must be taken up by these phage particles before they

can be adsorbed on host cells,

Electron Microscopy.

We have developed a mcthod of preparing specimens for the

electron microscope which eliminates gross artifacts due to

surface tensicn forces in removing the ambient liquid, The

method Involves raising the tempcratnre above the critical

point of the ambient liquigd o its surface tcnsion vanishes)

and then allowing the ambient fluid (now in the gascous state)

to escape, When the thres-dimensional struccures of specimens

are thus preserved it is secen that:

a)

b)

c)

d)

heads of phage particles T2, TL, and T6é and the unrelated
phages Tl and TS5 are shaped like hexagonal bi-pyramids
with membranes 125 A thick, surrounding an internal
structure (desoxyriboscnucleic acid, DNA);

phage particles having tails (T2, TL, T6, TS) are ad-
sorbed to host cells by the ends of their tails;
immature intracellular particles of T2 have the typical
polyhedral structure of empty T2 heads with no tails
attached and membrancs which are 250 A rather than 125
A thick;

from observations of flagesllae and from theoretical con-

siderations of their thermal vibrations it is concluded
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that the tensile strengths of dried flagellae exceed
some 3000 gm/cm@.

Intracelliular Growth of Phage T3.

Growth of T3 involves the multiplication of one or more non-~

infoctious units., For the first half of the latent period no

infectious particles (not even the infecting one) can be re-
covered from the cell., During the sccond half of the latent
period the non-infectious units produce infectious daughter
particles which can be liberated by sonic disruption of the cell
before the end of the latent pcriod when it would normally lyse,

Sonic Reactivation of Antiscrum-Ncutralized T3.

T3 which has been ncutralized bty antisel m can be reactivated
by scnic vibration which presumably strips antibody from the
particle,

Effects of Crystal Violet,

Crystal violet (Lx10=7 gm/ml) is lcthal to complexes formed
between TZ and host cells when the cells have been grown 24
hrs. on ammonium lactate medium before infection, but has no
detectible effect on complexcs which T2 forms with cells grown
on Difco nutricnt brothe

Osmotic Shock of Bacteriophages.

It was discovered that preparations of the large phages T2, Th,
and Té in concentrated solutions of NaCl or some cther solute
rcmain infectious if they are diluted E&EEEX

beforo they are assayed. However, if they are diluted rapidly,
most of the infectivity is destroyed and most of the particles
are seen to have lost the internal structure in their heads

(which Herriott has shown to be DNA).
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The fluorcscence of the dyc acriflavine is rapidly quenched
when it combines with the DNA of Té particles which have been
hsat-kilicd or osmotically shcckede It combines very slowly
with the DNA of intact phage below 60 C but more rapidly in the
prescnce of detergents. The combination is rapidly reversed by
the addition of ions such as HY, Nat, or Mgtt, which presumably
displace the dye from sites on the nucleic acid.

The fractiun of particles in a given stock which resists
"esmotic shock" depends on many factors including:

a) the naturc of the solutc,

b) the mognitude and rate of the drop in osmotic pressure,

¢) the temperaturc,. and

d) the previous history of the preparation.
Resistance to shock is thus a physiological rather than a gene=-
tic property of a phage particle., In thc case of Tér in 2,5 M
NaCl thc cquilibrium proportion of resistant forms increascs as
the temperature is raised. The rate o»f approach to equilibrium
is very rapid at U5 C but is so slow at OC that by rapidly
chilling a precparaticn from a high temperature, the particles
can be kept in the rcsistant form for hours at OC even though
at equilibrium less than 1% of them would be resistant to osmotic

shock at this temperaturca.

Bes During Current Report P.riod:

1)

Effect of NaCl Concentiation on the Shockability of Tér,

Using the above rapid chilling tcechnique to "freeze" Tér par-
ticles in their physiological state, it was possible to deter-
mine the effeect of salt concentration on the equilibrium between

shockablc and resistant forms, For example, if Tér is incubated
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in water at 26 C, then diluted in 2,5 M NaCl at OC and tested,

almost all the particles are found to he resistant; but if

they are incubated in 1 M NaCl at 26 C, then diluted in 2,5

M NaCl at OC and tested, only 5% are found to be resistant,

It is not yet known whether thesc effects are dueto reversible

changes in the head membranes of the particles or to changes

in the state of the DNA inside thcir heads,

2) Two Factors Affecting the Stability of T6.

a)

b)

Instability in 0,035 M NaCl,

In the course of the studies just mentioned it was
found in many experiments that diluted preparations

of T6 are very unstable in a narrow range of concentrae
tions of NaCl. The instability is maximal at 0.035 M,
while in 0,01 } or 0.05 M NaCl the virus is stable. In
other experiments and at highcr virus concentrations no
instability was obscrved sugzcsting that traces of or-
ganic material may stabilize thc virus. The nature of
this instability has not been determincd, although it
has not bcen observed in NaCl containing 1072 M CaCl,,
In the prescnec of chelating agents Jiks ethyline-dia-
minc tctraacctic acid (versenc) T6 is unstable over a
broader range of NaCl concentrations than mentioned
above.

Toxicity of H,S and Cdt.

Mre Tyson confirmcd an obscrvation madc last spring that
HoS sclutions inactivate T6 prcparations, Cupric ion at

2070 1, with HpS is much morc toxic to T6 than is HpS

alonc, while 10-6 u cit* 2lonc is not toxic. zn tor the
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chelating agent, "versene', failed to reverse the jinac-
g ag s P

tivation of T6 by HpS.

3) Osmotic Shock of TL during Adsorption on its Host,

a)

b)

Single Infection.

Mr, Tyson and Mr. Mc Michael both confirmed an early
observation that the survival of a phage particle to
osmotic shock increases shortly after the particle be-
comes adsorbed on a susceptible host cell in F medium.
Working on the hypothesis that the particle would be-
come resistant after completing its injecticn of DNA
into the host, Mr. Tyson concentrated his attention on
the conditions in the medium which are necessary for
this phenomenon to occur, He found that injection ab-
solutely requires substrate and in the presence of sub-
strate is inhibitcd by 107¢ M KCH. The rate of injec-
tion measured in this way depcnds on the state of the
host cells. It is fast in ammonium lactate medium and
slow in nutrient broth,

Multiple Infection.

Mr. lickichael began experiments to sec whether survival
of newly-formed comgluxcs to osmotic shock might not be
higher if many virus particles arc adsorbed than if
only onc is adsorbed per ccll, The contrary was found
to be thc case: the presence of many virus particles
on a cell reduces the complex's chance of survival to

osmotic shock,

4) Spectrophotometry.

The sensitivity of Té to HpS and the cffects of KCN or the
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absence of a substrate suggested that the energy-producing cyto-
chrome systcms may be involved at the carliest stages of bac-
teriophage action on host cells, It also sccms clear that the
encrgy-producing systcms arc involved later in phage action,
too, for thc respiration of culty ¢s being lysed by TL drops
to very low valucs indced (Cohcen and Andurson) whercas the
respiration of mechanically broken cclls is almost as high as
that of wholc cells, It would scem to follow that phage lysis
inactivates cither the dehydrcgenasec systems or the cytochrome
systems through which they arc coupled to molecular oxygen.
Accordingly, we have initiatcd a study of the spuctral,
propertics of phage, host culls (Ee coli strain B), and their
igtceractions using tho scnsitive spoctrophotometric mcthods
developcd in this laboratory by Dr. Brittcon Chance, and his
collaborators, whe have grcatly assisted us in this phasc of
work,

a) The Cytochromc System ¢f E, coli B,

It is feund that both while cclls and cclls broken in

a fly prcss (which are treatcd with desoxyribonuclcase
to reduce viscosity) c-ntain at lcast thrce of the
cytochrome pigments: a3, ap, and b1 as dctermined from
difference spectra between oxiuized and rcduced prepara-
ticns., In addition, an unidentificd peak appears in
differcnce speetra of whole cells at 506 m p.

b) Behavior of DPNH and Pyruvatc in whole Cells and in
Broken Cells auring Lactatc Mctabolism,

Upon going anaerobic, respiring whole cclls cxhibit a
sudden increasc in DPNH absorption at 3L0 m u which

then slowly decrcases with time, However, no changc in
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DPNH absorption is o¢bserved when brcken cells becorc an=
acrobic, even though brcken cells respire almost as ra-
pidly as whole cells. Instead, as lactate is oxidized
by broken cells, a progressive increase in absorption
in the region of 370 to 310 m u is seen, The absorp-
tion of the latter material agrees closely with that
of pyruvote ion,is destroyed by KCN (as that of pyruvate
would be), and furthermore, quantitatively agrees with
the hypothesis that broken cells carry the oxidation
of lactic acid only as for as pyruvic acid, Additional
experiments show that neither whole cells nor broken
cells metabolize pyruvate at pHT7, .he former presum-
aoly because pyruvate fuils to penetrate the cytoplas-
mic mem>rane, and the latter presumably because some
enzyme system or cofactor for gyruvate metabolism has
been lost. Separate experiments showed that in air
the broken cells rapidly destroyed absorption due to
added DPNH. 1t may well bc that the amplitude cof the
transient appearance of DPNH in broken cells is blocked
by the pyruvate which accumulates in these preparations,
shifting the egullibrium OPNH concentration to a very
low value, In line with this idca we have observed
that added pyruvate inhibits the respiration of press-
broken B in lactate,

Light Scattering by Respiring and Anzcrobic Cells
in Armmon.um lLactate,

One further obscrvation may be worthy of mention here,

When anacrobic 18 hour cultures of B are aerated in an
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ammonium lactate medium, the light scattering increases
steadily until the moment when the culturc becomes an-
aerobic, At this point the scattering dccrecases to its
original value at a logarithmic rate. Presumably the
aerobic increcase in scattering is due to the dynamic
accurulation of material by the cell, which material is
then slowly lost when the oxygen supply and hence a
source of ¢nergy is cxhausted,

Utilization of Glucose by Yeast Cells,

Dr. Rappaport has concluded her study of semc factors regula-
ting the utilization of glucosc in baker's yeasts Jince glu-
cosc can bc used as the only sourcc of both carbon and cnergy
for the growth of many micro-organisms, I~ctors recpulating its
utilization may be expected to regulote growth,

It was found that thc metabolism of glucosc varics with
the glucose concentration. Respiration {oxygen uptake) is
saturated at a concentration iower than that rcouired to satu-
rate assimilation (polysacchoride synthesis) which is, in turn,
saturatcd before the differcnt fcrmentations,

The increase in assimilation of glucosc 2fter respiration
was maximal suggestcd that the rate of DPN linkced oxidations,
intcrmediary in glucose dezradation, could be a deternining
factor in the rcgulation of assimilation. Dr. Chance had al-
recady obscerved spectrophotomctrically that the steady-state
level of DPNH incruascd after the respiratory system was satu-
rated. This suggested the possibility that assimilation could
be excluded during the motabolier of glucore by agents which

decrease thc stuauy-state level of DPFNH. '
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Dr, Chancc has shown that the stcady-state level of DPNH
may be decreascd by 1) agents, such as acetaldehyde, which use
DPNH by an enzyme not saturated during the utilization of glu-
cose, and 2) by acids which can zenctrate into the ccll and
supprcss the DPNH forming systims,

It was found that acctaldehyde and a voricty of acids
did, indced, cxclude assimilation without inhibiting the rate
of respiration. The c¢ffective concentrations of thc acids,
salicylic, benzoic, formic, proprionic, acctic and barbituric

ad < Some

varicd in a regular manner with their acic stgength.
amino acids were also cff.ctive, but with the exception of
serinc, the cffect was delaycd and variable. This could be
duc to the variable pcrmeability of the cells to thesc am-
pholytesa

The retabilism of glucosc was found to vary not only with
glucosc concentration but also with time. After prolonged
ntilization of glucosc, and without any change in thc rate of
respiration, there was a sudden increase in the rate of onc
of the fermentation mcchanisms and ~ deercase in the ratc of
assimilation. The metaboliesm at this time is similar to that
induccd by acids. whether the sudden change is duc to an
accumulation of acids per se¢ within the cell, or to othcr
factors affecting thc stcady-state concentration of DPNH can-
not be said without further study.

Growth studics of ycast on glucosc indicated that growth
varics with glucosc concentration and with time in the same
way as the assimilation in thc resting cells, Of particular
intcrzst was the abscence of growth bclow certain critical con-
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centrations of glucose, and a partial inhibition of growth
during metabolism at high glucosc concentrations., The acids
which excluded assimilation in the rc¢sting cells inhibited
srowth,

These results suggest that assimilation may be depen-
dent on a critical stcady-state level of DFNH. Factors affect-
ing this level may be cxpected to change the total synthetic
capacity of the cell. The fact that some of thcse factors
arise during the normal course of metabolism may be important

in the regulation of zrowth,

PLANS FOR FUTURE:

Immediate:

we plan to continuc our studics on the roles of pigments likc the
cytochromes and DPNE in virus action and synthcsis. This will involve
comparing the bchavior of normal cells with virus-infectcd cells and
that of mcchanically broken cills with cells which have been lysed by
virus action., we shall also continue using osmotic shock of the vir-
uscs as a tool in studying thce processes of infection,

Long Range:

As we sce it, our basic task is to learn thc physics and chemis-
try involved in the spccific reduplication of biologicnl units. At
present the bacterial viruscs scem to be the best material for this
study, but we shall bc on the lookout for matcrial which is c¢ven more

favorablc for the pursuit of this basic task.
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